Disorders of calcium metabolism in childhood (except rickets) were regarded as uncommon until the recognition by Lightwood (1952) of the syndrome of 'idiopathic hypercalcaemia of infants with failure to thrive'. Previously there had been occasional reports of children considered to have AlbersSchonberg disease, hypervitaminosis D, primary hyperparathyroidism (Pratt, Geren and Neuhauser, 1947; Philips, 1948) and hyperparathyroidism with renal disease (Andersen and Schlesinger, 1942) .
Albers-Schonberg disease is generally regarded as not causing hypercalcaemia, renal damage or ectopic calcification, but these may occur in the other conditions. Some of the patients described in the literature do not apparently belong to any of these groups. For example, Lightwood (1932) reported a dwarf with mental retardation, osteosclerosis, calcinosis, arterial degeneration and renal damage. Butler (1951) described a similar condition.
Idiopathic hypercalcaemia is regarded by some as occurring in both mild and severe forms, though the latter may be a separate syndrome (Lightwood and Stapleton, 1953) . There are patients who show only some of the features of the fully developed severe form and there appears to be a continuous spectrum between the extremes. It is possible that some of the cases described in the older reports were examples of the severe form, and the same is true of this patient.
Case History L.B.G.H. (No. 11038) , a boy, born on September 28, 1952, was admitted on August 6, 1955, aged 2 years 10 months.
The family history was not remarkable; there was one healthy sibling two years older than the patient. His mother had taken the usual supplements during her pregnancy, and delivery was normal at full term.
Except for feeding difficulties and an unusual diet the child developed normally until his final illness. He had bronchitis at the age of 3 months but this soon resolved.
He sat up and also cut his first tooth at 7 months and started to walk and talk at 19 months. A photograph of the child at 2 years of age shows a chubby normal infant.
At 2 years 9 months he contracted whooping cough. He lost about 4 kg. in weight during the acute phase, and after the cough subsided his appetite remained very poor and weight loss continued. He complained of itching of the skin, became pale and lethargic, and his parents noticed that he had frequency of micturition. He was constipated.
Six weeks after the onset of the whooping cough a left facial palsy was observed and he was admitted to hospital.
Dietary History. He was breast fed from birth for four weeks, when he was changed to half-cream dried milk because the breast milk failed. At 10 weeks he was changed to full-cream milk.
At 4 months weaning was attempted but he refused all solid foods, and vomited if these were pressed. At 6 months he was persuaded to take a little solid carbohydrate and strained vegetable foods, but at 8 months again refused to take these and continued to exist solely on milk. At 1 year of age he was changed from fullcream dried milk to tuberculin-tested pasteurized cow's milk, and he lived almost exclusively on this for the rest of his life. During the year before admission he had been taking about 3 pints of milk a day. He (King-Armstrong) . Electrophoresis showed a small increase in the y globulin, and a more marked increase in the X2 and , globulins.
Lumbar puncture and cerebrospinal fluid were normal.
The blood Wassermann and Kahn reactions were negative. The urine contained a trace of albumin, a few leucocytes and E. coli was recovered on culture. The urinary amino-acid excretion was normal. Radiographs. The whole skeleton was hypercalcified. The ribs were uniformly opaque whereas the iliac crests showed numerous narrow concentric bands of increased density (Fig. 2) . The base of the skull was thickened and there was no remodelling in the femoral shafts. In the metacarpals and phalanges there was a well-marked transverse line of increased density 1-2 mm. wide. Next to it on the epiphyseal side was a similar zone of normal density and then the rest of the bone to the epiphysis was of slightly increased density (Fig. 3) .
The position of the dense line was such that it would have been next to the epiphyseal plate at the age of 12 to 18 months. This is the time these epiphyses appear. There were no longitudinal striations in the phalanges.
Calcification of the femoral arteries was visible for the whole length of the thighs and at the knees (Fig. 4) .
Epiphyseal development was within normal limits.
Electrocardiograph. This showed sinus rhythm and depression of S.-T. segments in leads V.3 and V.6. Corrected Q-T interval was 0 475 sec. (prolonged). It was considered that these changes could be due to the high serum calcium level.
Progress. A low-calcium diet was started at once, and because of the acidosis oral alkali therapy was given. After three days the serum bicarbonate level was 
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All the stools were analysed over a 10-day period, and it was found that the calcium balance was minus 33 mg.
per day.
Cortisone therapy was tried in cautious doses, with a maximum of 15 mg. a day, for three weeks. There was no clinical effect observed but the faecal calcium became even lower during this time, and consequently the cortisone was stopped.
At the end of the third month the child was evidently worse. His weight was falling, and feeding was becoming even more difficult. Serum calcium was 9-8 mg. %, phosphorus 9 mg. %, blood urea 230 mg. %, serum bicarbonate 10 mEq./litre, and serum potassium 3 mEq./litre. Haemoglobin was 3-5 g. %.
Several small blood transfusions were given, and the haemoglobin was raised to 6-0 g. %, with slight improvement in the patient's condition. About this time he developed persistent diarrhoea, for which no infective cause could be found, and various oral electrolyte supplements were needed. 36 mEq./litre, so the alkali was stopped, but the lowcalcium diet was continued for the rest of the patient's life (for intake see Fig. 5 ). After one month in hospital the child was a little better. His weight, however, had not risen, but the plastic iritis had improved with local cortisone. It was found that there was rather more pus in the urine, and a course of oxytetracycline was given. The serum calcium had fallen to 11 mg. %, and the blood urea was 180 mg.%. The serum bicarbonate had fallen slowly to 20 mEq./litre.
At the end of the second month there was further improvement, with a gain in weight of 1 kg., though feeding was a perpetual difficulty and three or four hours a day were spent in coaxing scraps of food into the child.
Pruritus was troublesome. 
Thompson.
Externally the body was that of a slightly oedematous male infant. The right testis was in the inguinal canal, the left in the scrotum.
The heart was enlarged, due to hypertrophy of the left ventricle. There were no valvular defects or septal deficiency. The lungs were oedematous; there was no evidence of purulent infection of bronchi or trachea. The aortic valvular ring was calcified and there was patchy calcification of the wall of the aorta throughout its length, which calcification continued up the carotid arteries and down the iliac arteries into the femoral arteries. No parathyroid bodies were identified.
The liver was enlarged and oedematous, being of a pale buff colour. There was no abnormality in the spleen. Both kidneys were shrunken, the left kidney being less shrunk than the right. The cut surfaces of the kidneys showed blurring of the demarcation line 300. between cortex and medulla, with considerable prominence of the vessels. There was patchy calcification which was both visible to the eye as well as grating to the knife. The renal tissue was oedematous and focally mottled with purple congestion against a grey background, the scarred contracted cortices being irregularly nodular. Both suprarenals showed abundant grey medulla, a clear distinct pigment zone and abundant firm yellow cortex. There was oedema of the stomach and intestines. The stomach contained mucus and streaks of altered blood. In the head, the brain was oedematous. There was very marked thickening of the base of the skull, particularly of the sella turcica. The tentorium cerebelli contained plaques of calcium forming a rigid sheet in the anterior part. THE SKELETON. In the ends of the ribs there was no irregularity or excess of the proliferating cartilage. The yellow zone of the provisional zone of calcification was less than 0 5 mm. wide and straight, and no abnormality in the bone structure could be seen. In the lower end of the femur the growth line was irregular, the zone of provisional calcification being wide and irregular and (X 23. H. and E.) but the majority show capsular adhesions with epithelial proliferation about them. Some of these glomeruli are partly hyalinized and one or two show patchy calcification. The tubules in this zone are dilated and lined by atrophic epithelium. In addition to the calcification of glomeruli there are very numerous irregularly distributed areas of interstitial and intratubular calcification particularly numerous in the medulla. Many of the larger larteries also show fine calcification along the elastic __/g lamina. In the arcuate and smaller arteries there is _ marked intimal thickening by loose cellular tissue that _ in many cases almost completely obliterates the lumen. The media in these vessels appears normal and there is: _ 4 no intimal thickening in the large branches of the renal 4 artery in the medulla. MYOCARDIum. There is moderate diffuse mucoid oedema of the myocardium, and cellular mucoid thickening of the valve cusp. There is also calcification of the valve ring.
FEMORAL ARTERY. Marked crescentic calcification of the media is seen.
SUPRARENAL. The suprarenal is normal, but all the small arteries in the peri-adrenal fat show a slight deposit of calcium on the internal elastic lamina.
5~4
LIVER. The sinusoids are only moderately dilated with .~~~~~~~~~,,~~~w idespread fatty change. ilium. The bone is well formed but the lamellar ARCHIVES OF DISEASE IN CHILDHOOD structure is interrupted throughout by small, irregular, persisting islands of cartilage (Fig. 7) . Discussion This patient closely resembles the reported cases of the severe form of idiopathic hypercalcaemia except in three particulars, namely, the absence of the characteristic facies and mental retardation (Schlesinger, Butler and Black, 1956 ) and the late onset of evident ill health.
The severity of the osteosclerosis and ectopic calcification on admission only six weeks after the whooping cough suggests that the pathological processes were far advanced while the child was apparently well. It would appear from the position of the band of increased calcification in the metacarpals and phalanges and the lack of remodelling in most of the femoral shaft that those processes began when the child was about 1 year old.
During the year before admission, his diet had comprised 3 pints of cow's milk a day, which contains: The intakes of fat, protein and calories were well enough balanced but the calcium, phosphorus and cholesterol were about twice the amount in the normal diet of a 3-year-old. At the age of 2, the normal retention of calcium is about 90 mg./day, and this falls to 60 mg./day by the age of 3 (Mitchell, Steggerda, Hamilton and Bean, 1945) . The vitamin D intake was very low, while the vitamin C intake was probably adequate.
However, on this diet the child appeared to grow well without mental or physical retardation until his final illness.
The serum cholesterol and calcium levels were raised, though not greatly, and both later fell to normal. The other changes in the serum chemistry can be ascribed to the renal failure. The syndrome known as 'renal tubular acidosis' (Lightwood, Payne and Black, 1953) seems an unlikely diagnosis as a very short course of alkali therapy produced a persistent alkalosis. The serum calcium x phosphorus product was 101 on admission and never fell below 73. Presumably it was the high product which caused the excessive deposition of bone salts in ectopic sites, and it seems reasonable to suppose that it was also responsible for the osteosclerosis. The mechanism responsible for the latter must have been more complex as the excess bone appears to be normally calcified osteoid tissue so that the balance of osteoblast-osteoclast activity must have been changed in such a direction as to cause an increase in total bone matrix.
The radiographic changes in the bones resembled those of Albers-Schonberg disease, but the fine longitudinal fissures in the long bones and phalanges (Brailsford, 1953) which occur in that condition were absent. Histological examination of the iliac crest, however, showed persisting islands of cartilage in the excessive cancellous medullary bone such as is seen in the long bones in Albers-Schonberg disease (Warkany, 1954) .
Pressure on the facial nerve from expanding bone was presumably the cause of the facial palsy.
The renal lesion was severe and it is not possible from microscopy to form an opinion as to whether chronic pyelonephritis or glomerulo-nephritis might have been present, nor whether the nephrocalcinosis was primary or secondary. The glomeruli of the outer layer of the cortex were nearly all destroyed whereas in the juxtamedullary zone they were less damaged. This differential involvement was noted in a case of severe idiopathic hypercalcaemia described by Lowe, Henderson, Park and McGreal (1954) .
The poor response to treatment is not surprising in view of the severe renal damage. A low-calcium diet induced a slight negative calcium balance, which is the usual finding; but small doses of cortisone were accompanied by a fall in faecal calcium (the intake being unchanged), and this is contrary to other reports (Forfar, Balf, Maxwell and Tompsett, 1956) .
It is tempting to think that the high calcium and phosphorus product was related to the excessive calcium intake. In the young child, urine calcium tends to be low, and a rise in calcium intake is accompanied by calcium retention (Smith, 1951) . It seems reasonable to postulate that calcium retention due to excessive intake might cause an elevation of the serum calcium level of the order which occurred in this case (12 mg. %).
The changes of calcium metabolism in renal failure are usually ascribed to phosphate retention with a secondary fall in serum calcium and consequent failure of calcification of osteoid tissue and secondary hyperparathyroidism. If the serum calcium was kept high as a result of an excessive retention, this sequence might be changed. The high calcium x phosphorus product would allow normal calcification and the high serum calcium prevent secondary hyperparathyroidism.
In adults, renal failure may occasionally be accompanied by osteosclerosis. Crawford, Dent, 
